I am very pleased and honoured to be asked to give this lecture in memory of Sir William Bowman who as a clinician had considerable expertise in research techniques. After his medical training, he undertook extensive research in anatomy and became a talented microscopist before entering ophthalmology. He was elected FRS for his work on muscle at the early age of 25 years. Despite his expertise in the laboratory, he maintained throughout his life that the greatest lessons were to be gained from the (clinical) study of the diseases.
Bowman was well known internationally. It was he who introduced Donders to von Graefe when they both visited London for the Great Exhibition of 1851. Donders recorded that they met and had breakfast together after which they spent the rest of the day at Moorfields Eye Hospital; he writes that he left the hospital exhausted. The three were to remain close friends for the rest of their lives visiting each other frequently. They represented an ideal mix of talents, Donders with his expertise in physiology (he later became professor of physiology at Utrecht), von Graefe with his clinical experience, and Bowman the anatomist and microscopist. It is probably from this time that ophthalmology was established as the speciality that we know it today.
Although Bowman's main interests did not reside in the study of retinal diseases, had he been alive today undoubtedly he would have seen age-related disease (AMD) as a major challenge to ophthalmology. Its importance cannot be overemphasised. It accounts for about 50% of registered blindness in the Western world. [1] [2] [3] [4] [5] [6] The prevalence appears to be increasing at a rate not fully explained by the ageing population, 7 and furthermore it appears to be occurring at an earlier age in that AMD is now recorded to be as common now as diabetes and glaucoma as a cause of visual loss during working life (16-65 years) in England and Wales. 3 AMD is also the only major cause for registration that has increased in prevalence over the last decade. This in part reflects an ageing population, and better treatment of other sight-threatening conditions.
Despite the many controlled therapeutic trials over the last 25 years, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] there is no treatment to date by which the impact of blindness from AMD in the community will be influenced. It is accepted that AMD represents a major and growing pubic health problem in Western Europe and North America for which no remedy exists. Until recently, there has been little research seeking the basic cause and pathogenetic mechanisms of disease. Investigative activity and research monies have been largely devoted to controlled trials, which in retrospect is unfortunate. In the last decade, a research-concerted effort to address these problems has emerged, and it is hoped that this will give rise to novel therapeutic approaches or a better understanding of disease. In this paper, I will try to summarise the current state of research into the pathogenesis of AMD. In preparing this talk, I realise my indebtedness to my colleagues at The Institute of Ophthalmology, and Moorfields Eye Hospital and the many fellows, both from the UK and abroad who have worked in the medical retinal service over the last three decades.
Risk factors in AMD
It is widely believed that AMD occurs in those with genetic predisposition, and the disorder becomes manifest in the presence of environmental pressures. Considerable evidence exists to support the genetic influence of risk. The familial nature of AMD has long been suspected, although proof of this is relatively recent. There is now good evidence of genetic predisposition in AMD derived from observations of close concordance between monozygotic twins and greater concordance between siblings than between spouses. [21] [22] [23] [24] [25] Furthermore, the phenotype of early AMD appears to reflect the genetic influences since there is significant similarity of drusen number, size, and distribution between siblings. 21 That the form of late AMD may also reflect the influence of the specific genes involved is suspected but unproven. It is likely that more than one gene is involved although the number has been considered small. 22 In these respects, AMD is similar to other complex traits. 26 It follows that ageing at the macula would vary qualitatively within a community. The high prevalence of clinically detectable early AMD in those over the age of 65 years (35-40%) in industrial Western societies [3] [4] [5] [6] [7] implies that the causative genetic variants are common in these populations.
Low prevalence of AMD in some non-Caucasian races has been well documented in the past, 27, 28 and it has been considered that this might indicate the lack of genetic risk factors. However, the disorder has become common in the last two decades in urban communities in Japan, [29] [30] [31] [32] and over the last 3 years the rate of hospital referrals has doubled (M Uyama, personal communication). Publications imply that a similar change in prevalence may be occurring elsewhere in East Asia. [33] [34] [35] There is also a strikingly high prevalence of macular disease in elderly Inuit in Greenland. 36, 37 The common phenotypes are different in different communities. In Japan, detachment of the retinal pigment epithelium (RPE) and major haemorrhage are very common. Drusen in the fellow eye in those with unilateral visual loss are uncommon, although this eye is at risk of visual loss. In Greenland, the most common presentation is atrophy, and exudative lesions are very rare. Even in communities of Western European origin, the common phenotype of late disease appears to differ, geographic atrophy (GA) being the most common in Iceland, 38 whereas choroidal neovascularisation (CNV) is most common elsewhere in Europe and North America. 39 The variation may reflect differences in genetic risk factors or environmental pressures.
Genetic studies
Determination of the genetic risk factors would be a major advance in the understanding of the disease processes that initiate the disease, and may give rise to novel therapies. Finding good candidate genes would help considerably in this quest. These may be established by the identification of associated risk factors, of monogenic diseases that manifest some components of AMD, or by the study of the disease itself.
Associated characteristics
There have been several studies that have sought association between iris colour, which have given mixed results. [40] [41] [42] One of the most recent studies implied that eye colour in youth had little influence of risk of AMD, but loss of iris melanin with age was a strong risk factor, there being an odds ratio of 9 between those that have dark irides that become lighter when compared with those in whom the irides remained dark with age. 43 The significance of this association is unknown. Although premature greying of hair is recognised as being familial, and it is known that this may accompany generalised loss of melanin reflected in loss of tanning in sunlight, no genetic studies have been undertaken into this phenomenon.
Monogenic diseases
Several monogenic diseases have phenotypic similarity to AMD, Sorsby Fundus Dystrophy, and Doyne Honeycomb Dystrophy/ Mallatia Leventinese reproducing most closely the various components of disease. Best Disease, pattern dystrophies, fundus flavimaculatus, bull's eye maculopathy, North Carolina Macular Dystrophy, Stargardt Disease, and retinopathy caused by mutation in transcription factors, all have phenotypic similarity with AMD and the gene responsible for disease are known for each. None of these genes has been shown beyond doubt to play a pathogenetic role in AMD, but none has been excluded since in only ABCA4 is the study large enough to draw any definitive conclusion. Apolipoprotein-e4 has been shown to be protective. 44, 45 The protein expresses in Bruch's membrane, although the physiological role of apolipoproteins is unknown.
Study of the disease
Bowman would have seen the study of those changes precipitation disease as a very important exercise. Various histological studies have been undertaken, [46] [47] [48] notably by Sarks and co-workers in which much of the phenomenology was described and more recently quantitative studies have been undertaken. The most recent was by Okubo et al 49 and the significance of these will be discussed.
Retinal pigment epithelium
Accumulation of residual bodies that fluoresce can be used as an index of ageing in the RPE and was measured by Okubo in a series of donor eyes. The quantity is related to the balance of accumulation, which is the results of metabolic activity that in turn is driven by the need for photoreceptor outer segment renewal, and clearance that may be because of intracellular degradation or extrusion from the cell either inwards or outwards. Both residual body quantity as measured by electron microscopy and autofluorescence as seen by light microscopy had a quadratic relation with age. 49 This was to be expected since the population of photoreceptors falls in the elderly. 50 However, the relation between age and autofluorescence was not close, the adjusted R 2 being only 0.45 and for residual bodies the R 2 was 0.50. This was because of the wide variation in the eyes from elderly donors. Thus, 50% of the variation in either autofluorescence or residual bodies is not explained by ageing; the suspicion is that genetic or environmental factors would play a role in determining the variance. Most surprising was the relation between autofluorescence and residual body volume. This was linear, which would have been expected since it is from the residual bodies that the autofluorescence is derived. However, the R 2 was only 0.26. In retrospect, the variation between specimens should not be surprising since only a small proportion of the material in residual bodies fluoresces, and this proportion may be influenced by circumstances such as vitamin A content in diet. 51 The clinical relevance of these finding is underlined by the ability now to image RPE autofluorescence in vivo through the efforts of Fitzke and von Rü ckmann. 52 The evidence that the signal originates from lipofuscin in the RPE is derived from the work of Delori et al. 53 Recently, it has been shown that in early ARM the distribution of autofluorescence varies from one patient to another. In about half it is homogeneous, whereas in the remainder it is diffusely irregular or focally increased autofluorescence is seen. 54 Drusen do not appear to explain the differences, since apart from sero-granular drusen at the fovea, they do not autofluoresce significantly. It has been shown that in bilateral early ARM, the pattern is symmetrical implying that the pattern reflects the form of disease in an individual, and may be determined by the genetic or environmental influences. In unilateral disease, irregular autofluorescence is associated with GA in the other eye, and predicts GA in the good eye.
The last observation can be explained on the basis of further work by Okubo et al. 55 Sprague-Dawley rats, 11 weeks-old, were injected with 5 ml of a lysosomal protease inhibitor, E-64 (2.22 mM), intravitreally once and killed at 24, 48 h, or 7 days. Others received two or three injections at 48 h intervals, and killed at 1, 4, and 7 days after the last injection. Eyes were enucleated and retinal tissues were processed for light and electron microscopy. A single injection of E-64 caused only a transient accumulation of phagosome-like and phagolysosomelike inclusion bodies in the RPE. In contrast, repeated injection caused progressive accumulation of these inclusions followed by changes in intracellular organelles such as loss of smooth endoplasmic reticulum and RPE cell conformation. This was accompanied by shortening and loss of photoreceptor outer segments (OS) without prior dysmorphic changes, photoreceptor loss, alteration of choroidal capillaries, and invasion of Bruch's membrane by fibroblasts and pericytes. Intravitreal injection of vehicle for comparison induced no structural changes.
It was considered likely that the shortening and loss of the OS was caused by impaired morphogenesis of disc membranes rather than degeneration, because photoreceptor cell OS showed no degenerative changes such as vesiculation of disc membranes. It was considered most likely that the shortening of the OS reflected the inability of the RPE to recycle materials due to either reduced phagosomal degradation or compromised lipid metabolism. The findings imply greater dependence upon the availability of products of phagosomal degradation for OS renewal than was previously evident and that acquisition of plasmaderived material is insufficient to sustain this process fully. The ability of the RPE to recycle lipids has been well illustrated. 56, 57 The observed changes are similar in some respects to age changes in RPE, photoreceptor and choroid, although it was freely acknowledged that there are major differences between such an acute experiment, and the consequences of life-long metabolic activity, and species differences between rat and human. However, this model may illustrate potential pathogenetic mechanisms of GA and explain the association of GA with focal increased autofluorescence if the latter is witness to the inability to recycle phagosomal contents.
Bruch's membrane
As have others, Okubo et al showed a linear relation between ageing and thickness of Bruch's membrane both by electron and light microscopy, 49 but the R 2 were only 0.57 and 0.32, respectively, with great variation in the elderly. This implies that factors other than ageing are important in influencing the magnitude of age-change.
The chemical constitution of Bruch's membrane has also been shown to be important in determining the influence of ageing. This was triggered by re-examining the pathogenesis of retinal pigment epithelial detachments in which it was proposed that the subpigment epithelial fluid is derived from the RPE rather than from the choroid. 58 It is widely accepted that fluid is moved from the retina to Bruch's membrane because of active movement of ions by the RPE cells. 59 If Bruch's membrane were to become hydrophobic,
Eye a significant resistance to water flow may be generated at this level causing fluid to collect between the RPE and Bruch's membrane. Such a mechanism demands that there be progressive accumulation of lipids in Bruch's membrane, and that this would vary from one patient to another. This explanation for the pathogenesis of retinal pigment epithelial detachments had the attraction over previous concepts in that it was compatible with the observed behavioural characteristics of RPE detachments. Support for this concept is derived from both histopathological, biochemical, biophysical and clinical observations.
A study of frozen tissue undertaken using histochemical staining techniques on human eyes with an age range between 1 and 95 years 60 showed accumulation of lipids with age that varied both in the quantity and form of lipids. Some eyes stained for neutral lipids alone, some stained predominantly for phospholipids, and others stained equally for both neutral lipids and phospholipids. To confirm these conclusions, material extracted by lipid solvents from tissue of eye-bank fresh eyes has been analysed by thin layer and subsequently gas chromatography. 61 After separation, the chemical species were identified by mass spectroscopy. This study confirmed the conclusion that the quantity of lipid in Bruch's membrane increases with age. Eyes from donors over the age of 60 years showed wide variation of total lipid extracted from donors of similar age that the ratios of phospholipids to neutral fats was different from one specimen to another from donors of similar age.
Finally, measurements of hydraulic conductivity of Bruch's membrane showed that it becomes reduced with age 62, 63 and, after the age of 50 years, there is a close linear relation between conductivity and lipid content.
The finding that the major lipid species were phospholipids and fatty acids rather than cholesterol and cholesterol esters 54 implied that the lipids were of cellular (presumably RPE), rather than plasma in origin.
Clinical support was sought to support the concept that the biochemical content as well as the thickness of Bruch's membrane influenced subsequent clinical behaviour. It has been hypothesised that drusen that are hyperfluorescent on fluorescein angiography must be hydrophilic allowing free diffusion of water-soluble sodium fluorescein into the abnormal deposit and that there would be binding of sodium fluorescein to polar molecules; in contrast if the drusen were hypofluorescence it would imply that they are hydrophobic because of the presence of neutral lipids. 58 This conclusion was supported by histological observations in which it was shown that the binding of sodium fluorescein correlated well with the biochemical contents of drusen. 64 It would be predicted that the highest resistance to water flow in Bruch's membrane would be found in eyes destined to suffer tears of the detached RPE in which the concept implies that sufficient tangential stress is induced in the detached tissues to cause them to rupture. The determination that a tear in one eye implied high risk of a similar event occurring in the fellow eye 65 provided the opportunity to test the concept. A comparison was made of the drusen in the fellow eye of a tear with those of a fellow eye of one with visual loss caused by subretinal neovascularisation. It was shown in two studies that the drusen were larger, more confluent, and less fluorescent on angiography in the former group than in the latter. 66, 67 Microscopic studies show that thickening of Bruch's membrane may be in the form of discrete deposits on its inner surface, or diffuse (linear) accumulation that is seen as a continuous layer in the inner or outer portion of Bruch's membrane. Clinical studies have been directed towards the analysis of discrete deposits on the inner surface of Bruch's membrane that can be recognised clinically as drusen. However, they have largely ignored the potential importance of diffuse Bruch's membrane thickening because of the lack of any recognised clinical manifestations of linear change. Logically, the diffuse deposits would be expected to play a major role in determining the outcome of disease.
As a result of studies on Sorsby fundus dystrophy, [68] [69] [70] it was suggested that a prolonged choroidal filling phase on fluorescein angiography may be a clinical sign of diffuse thickening of Bruch's membrane. In this autosomal dominant condition, a continuous layer of abnormal material of up to 30 mm in thickness is deposited between the inner collagenous layer of Bruch's membrane and the basement membrane of the RPE. 71 In contrast with the normal rapid filling, a contiguous area of prolonged, patchy choroidal fluorescence is seen during the transit phase of fluorescein angiography. [68] [69] [70] The dye appears initially in the inner choroid as small points of fluorescence that gradually enlarge and coalesce with one another over several frames of the angiogram. Continuous fluorescence indistinguishable from the surrounding normal fundus is not apparent until the late venous phase of the retinal circulation. Fluorescein angiography transit photographs were analysed in the good eye of consecutive patients with unilateral visual loss from AMD. 72 Of these, 26% had evidence of a prolonged choroidal filling phase during the initial dye transit. This angiographic sign could represent the clinical correlate of changes in the choriocapillaris as identified by microscopy. [73] [74] [75] In order to establish the potential significance of this clinical sign, visual sensitivity was measured in eight eyes with this angiographic finding, and in six eyes with similar amounts of drusen but normal choroidal filling. 76 Understanding AMD AC Bird
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Eye Scotopic threshold measured using the Humphrey automated perimeter and fine matrix mapping showed no discrete area of increased threshold when compared with the background sensitivity in eyes with normal choroidal perfusion. By contrast, in seven of the eight eyes with fluorescein angiographic evidence of prolonged choroidal filling, discrete areas of scotopic threshold elevation of up to 3.4 log units were recorded, which corresponded closely to regions of choroidal perfusion abnormality. In addition, there was prolonged recovery from bleach in those field loci with normal dark-adapted sensitivity.
The visual acuity and the fundus appearance were identical in eyes with and without abnormal choroidal perfusion such that neither clinical attribute segregated these two populations. Although no simple clinical clues exist to identify those patients with loss of scotopic sensitivity and abnormal choroidal perfusion, functional correlates were evident to the patients. They report the need for increased light intensity for reading, fading vision after a few minutes in bright light, easy fatigability when doing close work and a central scotoma on waking at night.
No established pathogenetic concepts were readily available to explain either the changes in choroidal fluorescence on angiography or the functional loss. Diminution of the choroidal capillary bed with age had been shown by structural studies, and the absence of change in the arteries make it unlikely that it is because of arterial obstruction or systemic hypertension. [77] [78] [79] There is circumstantial evidence that the behaviour characteristics of the choriocapillaris are determined by the RPE, 80 and it had been proposed that the diffusible agents from the pigment epithelium modulate the choroidal vasculature. 81 Based on these hypotheses, it was proposed that a barrier to diffusion at the level of Bruch's membrane would result in changes in choroidal capillaries. If the normal characteristics of the choroidal capillaries are dependent upon the diffusible agent, failure of this agent to reach the choroid would result in the vessels reverting to the more common tubular arrangement of capillary beds.
A unifying mechanism was proposed by which these changes may be generated. A continuous layer of debris in Bruch's membrane may act as a barrier to metabolic exchange between the RPE and the choroidal capillaries. If this is the case, it could explain both the psychophysical and angiographic findings observed in this and other studies. Normal photoreceptor function is dependent on the free diffusion through Bruch's membrane of large molecule complexes as they pass from the choriocapillaris to the pigment epithelium. 82 Predictably such molecules would not pass freely through a continuous layer of debris particularly if it were hydrophobic. The magnitude of change would depend upon the thickness and chemical composition of the material within Bruch's membrane; the disturbance would be particularly marked in the presence of a large quantity of neutral fats. This conclusion was supported by the reversal of visual deficit in Sorsby fundus dystrophy by dietary supplementation with highdose vitamin A, 83 and similar observations have been made in early AMD (personal observation). The surprise was that vitamin A alone was sufficient to reverse the functional abnormality. This implies that the RPE is less efficient in recycling vitamin A than other metabolites.
Considerable research has been undertaken concerning the relevance of changes in Bruch's membrane to CNV. It is believed that the failure of blood vessels to invade Bruch's membrane is related to the local environment being alien to neovascularisation because of the nature of Bruch's membrane and the presence of growth factors that suppress new vessel growth.
It has been suggested that neovascularisation may be caused by inflammatory or immune-mediated processes. Chronic inflammatory infiltrates have been demonstrated in the inner choroid in donor eyes. 84, 85 Proteins associated with immune-mediated disease appear to accumulate in large quantities, 86, 87 and transcripts that encode a number of these molecules have been detected in retinal, RPE, and choroidal cells. Dendritic cells, potent antigen-presenting cells, have been reported to be intimately associated with drusen development and that complement activation is a key pathway that is active both within drusen and along the RPE-choroid interface. Changes in the extracellular matrix of Bruch's membrane have been likened to atherosclerosis, 88 in which inflammatory phenomena occur. 89, 90 The potential role of growth factors has been subject of intense study. Pigment epithelial-derived growth (PEDF) factor appears to suppress neovascularisation, 91, 92 while other factors, notably vascular endothelial growth factor (VEGF), stimulate blood vessel growth. 93 Both are expressed in the outer retina. 94, 95 Imbalance between growth factors has been shown in retinal diseases characterised by new vessel growth, 96, 97 and increased VEGF expression has been shown in experimental CNV 98 in human choroidal new vessel complexes. 99, 100 That the normal choriocapillaris possesses cellular intrusions into Bruch's membrane [101] [102] [103] [104] may be relevant to CNV. These are thought to add physical stability to the choroidal capillaries. It has been suggested that CNV may be a distortion of this normal phenomenon, a concept supported by the observation that photocoagulation, which is known to distort growth factor expression, 95 causes these to be larger and more numerous. 105 Understanding AMD AC Bird
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Correlation of RPE and Bruch's membrane changes
Okubo et al 49 also examined the relation between agechange in the two tissues. Not surprisingly, there was a linear relation between the two, since the deposits in Bruch's membrane are derived largely from the RPE. However, the R 2 was only 0.18 by light microscopy and 0.36 by electron microscopy with wide variation in the elderly. Thus, it would appear that a change in one tissue is not totally determined by changes in the other.
Conclusions
Study of the disease shows that ageing explains less than 50% of age-changes in subretinal structures in early AMD, and that a degree of independence exists between changes in the various tissues involved in the disease process. This should not have been surprising if variance of the numerous metabolic activities that might influence the magnitude of early age-changes is taken into account. These activities would include the speed of outer segment renewal, RPE degradative activity, free radical scavenging activity, RPE recycling ability, the efficiency of RPE cytoplasmic renewal, the speed of clearance of Bruch's membrane, and the response to age-change. Each of these is likely to be under genetic control and various genes might be involved in each. Thus, study of the disease does not serve to limit greatly the number of genes that might be involved in conferring risk of AMD.
These studies have generated concepts that represent potential explanations as to the pathogenesis of lesions of late AMD that cause loss of central vision.
Future research
The state of knowledge allows future research to be planned seeking the basic disease mechanisms, and determinants of risk in AMD.
Genetic
AMD is a complex disorder, and techniques have been generated to investigate other complex disorders such as multiple sclerosis, bipolar disease, schizophrenia, breast cancer, and diabetes. 106 AMD is likely to share many of the problems involved in each such as the number of genes involved, but in AMD the prevalence of genetic variants conferring risk in the population may be high so that it cannot be assumed that there is a single genetic risk factor in a family. The one advantage that exists in AMD is that it lends itself to phenotyping, and that there is evidence that the phenotypic variants reflect the genes conferring risk in a family at least with respect to the size, density, and size of drusen. It is also possible that other features of disease such as the presence or absence of peripheral reticular change, distribution autofluorescence in early AMD, fluorescence of drusen on fluorescein angiography, and the lesion causing visual loss may also have similar significance. The symmetry of phenotype between eyes with AMD, both early and late, 107, 108 indicates that they reflect the nature of risk factors in an individual whether determined by the genes involved or their environment. The ability to achieve purer sample of disease may be crucial to the genetic study of AMD. It is clear that large numbers of DNA samples will be needed. Thus, DNA collections should be collected from large numbers of patients with wellcharacterised disease. The ideal comparison group would be spouse of patients since this would control to some extent for variation in environment assuming that spouses share a common way of life. Collections should be made in different communities since it cannot be assumed that patients from different origins will share common genetic variants conferring risk. The recent experience concerning the genetic studies of the potential role of ABCA4 [109] [110] [111] in the pathogenesis of AMD illustrate the difficulties of such studies and underlines the need for well-documented patient resources.
Environment
The apparent rise on prevalence of AMD in Western Society, the emergence of AMD in Caucasian communities in developing economies, and East Asia, all indicate that environment is likely to be important in the pathogenesis of disease. However, apart from smoking, studies have not identified consistently any factor that would explain the apparent strong association of AMD with the Western way of life. [112] [113] [114] [115] [116] [117] It appears that environment has not been proven beyond doubt to be important. This could be tested by cross-sectional studies of communities with similar genetic background but different lifestyles. Such circumstances exist. Selfsupporting and urban communities that are in close physical proximity still exist in parts of Europe. Similar studies could be undertaken comparing urban populations with fishing or agricultural communities in both Japan and the Chinese diaspora, or Iniut in Greenland and Northern Canada.
Biochemistry and cell biology
Both biochemists and cell biologists have contributed towards our understanding of potential disease mechanisms in AMD, although their entry into the field has been relatively recent.
That biochemical studies may be fruitful is indicated by success in the investigation of other complex disorders. Progress in the understanding of Alzheimer has been well summarised recently. 118 It affects about 5% of the population of 60 years, the prevalence doubles with each decade, autosomal dominant disease is rare, the clinical definition is imprecise, and it affects females more often than males, attributes reminiscent of AMD. The diagnosis is confirmed by histopathological identification of amyloid plaques and neurofibrillary tangles, and that atrophy starts in hippocampus. The major breakthrough occurred by determining that the plaques were made up of amyloid b (Ab) peptide-42, and this has sustained intense and highly successful research. Ab peptides are formed by the cleavage of amyloid precursor protein by b-secretase and g-secretase, and may be of 40 or 42 amino acids. The ratio in youth is 9 : 1 but increases to 8 : 2 in Alzheimer's disease (AD); Ab-42 increases diffusely in the brain and subsequently becomes sequestered as plaques. Ab-42 polymerises but Ab-40 does not, and copper and possibly zinc are involved in plaque formation.
This explained the distribution of plaques in early disease since neurones in the hippocampus derived from the epirhinal cortex have the highest expression of amyloid precursor protein. Most importantly, it led to the identification of mutations in AD in amyloid precursor protein. Mutations in presenilin 1 and 2 have also been identified in dominant disease; the precise function of these enzymes is unknown, but mutations in each increases the expression of Ab-42. These genes have yet to be shown to be involved in non-dominant AD. This work allowed animal models of AD to be generated, and treatment trials initiated. Therapeutic trials using vaccination against Ab-42, and chelation of copper have both caused resolution of plaques, although benefit to humans awaits completion of therapeutic trials.
It would be a huge advantage if a central biochemical theme were available to us in the investigation of AMD. The evidence that TIMP-3 plays an important role in the generation of AMD is as strong as that for Ab-42 in AD. Dominant disease caused by mutations in the TIMP3 gene exists, 119 and TIMP3 is the most common peptide species in Bruch's membrane and drusen with age. 120 
Conclusions
It is hoped that future investigative activity will give some clues as to the triggering mechanisms of disease, intermediate disease mechanisms and reasons for visual loss, and eventually new therapeutic approaches may emerge. The various studies have already revealed a great deal concerning relevant disease mechanisms involved in generating the changes in early AMD, and an explanation exists for the pathogenesis of the lesions of late disease. The current increasing pace of research augurs well for the future. It will involve cooperation between clinicians, experimental pathologists, cell biologists, biochemists, molecular geneticists, and epidemiologists.
I can think of no better to finish this address by quoting Bowman from his inaugural address to the Ophthalmic Society of the UK in 1881 that is totally appropriate to the current research efforts. When considering the past he states: 'The several sciences, handmaids of medicine, had opened various vistas of striking interest y The clinical domain cultivated a truer insight into the nature of disease and the best methods of averting or of dealing with it. ' He then considered the future: 'We look eagerly forward towards the younger to instruct us in new paths and to be pioneers towards a brighter future. ' These sentiments transmit an aura of optimism that I believe justified, and hopefully, the challenge of AMD will attract many with the hope that in the future the prospects will appear brighter for the many who suffer from this disorder.
